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PROCESS  FOR  CATALYTIC-SLURRY  HYDROCONVERSION  OF  HYDROCARBONS 

BACKGROUND  OF  THE  INVENT  I  ON 

1.  F i e l d   of  t he   I n v e n t i  o n  

The  p r e s e n t   i n v e n t i o n   r e l a t e s   to   a  s l u r r y  
h y d r o c o n v e r s i o n   p r o c e s s   c o n d u c t e d   in  two  h y d r o c o n v e r -  
s i o n   s t a g e s   w h e r e i n   the   t e m p e r a t u r e   of  t he   s e c o n d   s t a g e  
is  a t   l e a s t   l 0 o F   h i g h e r   t h a n   the   f i r s t   s t a g e .  

2*  D e s c r i p t i o n   of  I n f o r m a t i o n   D i s c o s  u r e s  

S l u r r y   h y d r o c o n v e r s i o n   p r o c e s s e s   in  which   a  
c a t a l y s t   is  d i s p e r s e d   in  a  h y d r o c a r b o n a c e o u s   o i l   t o  
c o n v e r t   t he   o i l   in  t he   p r e s e n c e   of  h y d r o g e n   a r e   k n o w n .  

U.S.   P a t e n t   4 , 1 3 4 , 8 2 5   d i s c l o s e s   a  c a t a l y t i c  
s l u r r y   h y d r o c o n v e r s i o n   p r o c e s s   u s i n g   a  c a t a l y s t  
p r o d u c e d   in  the   o i l   f eed   f rom  a  c a t a l y s t   p r e c u r s o r .  

U.S.$  P a t e n t   4 , 1 5 1 , 0 7 0   d i s c l o s e s   a  s t a g e d  
h y d r o c o n v e r s i o n   p r o c e s s   in  wh ich   the   l i q u i d   e f f l u e n t   o f  
t h e   f i r s t   h y d r o c o n v e r s i o n   z o n e   is  s e p a r a t e d   i n t o  
f r a c t i o n s   and  in  wh ich   the   h e a v y   f r a c t i o n   is  p a s s e d   t o  
a  s e c o n d   h y d r o c o n v e r s i o n   z o n e .   The  f i r s t   h y d r o c o n -  
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v e r s i o n   z o n e   i s   o p e r a t e d   a t   a  l o w e r   t e m p e r a t u r e   t h a n  
t h e   s e c o n d   h y d r o c o n v e r s i o n   z o n e .  

U . S .   P a t e n t   No.  4 , 6 0 6 , 8 0 9   a l s o   d i s c l o s e s   a  
s t a g e d   h y d r o c o n v e r s i o n   p r o c e s s   w h e r e i n   t he   t e m p e r a t u r e  
of  a  s e c o n d   s t a g e   is  h i g h e r   t h a n   t h a t   of  a  f i r s t   s t a g e ,  
e x c e p t   p r o d u c t   is  no t   r e m o v e d   b e t w e e n   s t a g e s .  

The  e x o t h e r m i c   n a t u r e   of  h y d r o c o n v e r s i o n   o f  
h e a v y   h y d r o c a r b o n a c e o u s   o i l s   to  l o w e r   b o i l i n g   p r o d u c t s  
i s   d i s c l o s e d   in  U . S .   P a t e n t   No.  3 , 6 2 2 , 4 9 7   w h e r e i n   t h e  
e f f l u e n t   f r o m   t h e   r e a c t i o n   c h a m b e r   i s   s u b s t a n t i a l l y  
h i g h e r   in   t e m p e r a t u r e   t h a n   t h e   i n l e t   t e m p e r a t u r e   of  t h e  
c h a m b e r .   The  t e m p e r a t u r e   g r a d i e n t   f rom  i n l e t   to  o u t l e t  
i s   m a i n t a i n e d   a t   a  t e m p e r a t u r e   l e s s   t h a n   a b o u t   4 5 0 ° C .  

The  t e r m   " h y d r o c o n v e r s i o n "   is  u s e d   h e r e i n   t o  
d e s i g n a t e   a  p r o c e s s   c o n d u c t e d   in  t h e   p r e s e n c e   o f  
h y d r o g e ' n   in  w h i c h   a t   l e a s t   a  p o r t i o n   of  t h e   h e a v y   c o n -  
s t i t u e n t s   of  t h e   h y d r o c a r b o n a c e o u s   o i l   is   c o n v e r t e d   t o  
l o w e r   b o i l i n g   h y d r o c a r b o n   p r o d u c t s   w h i l e   i t   m a y  
s i m u l t a n e o u s l y   r e d u c e   the   c o n c e n t r a t i o n   of  n i t r o g e n o u s  
c o m p o u n d s ,   s u l f u r   c o m p o u n d s ,   and  m e t a l l i c   c o n t a m i n a n t s .  

I t   h a s   now  b e e n   f o u n d   t h a t   a d d i n g   the   f r e s h  
o i l   f e e d   to  m o r e   t h a n   one  h y d r o c o n v e r s i o n   z o n e   of  a  
p l u r a l i t y   of  s e r i a l l y   c o n n e c t e d   h y d r o c o n v e r s i o n   z o n e s  
w h e r e i n   e a c h   s u b s e q u e n t   z o n e   is   m a i n t a i n e d   a t   a  t e m -  
p e r a t u r e   of   a t   l e a s t   1 0 ° F   h i g h e r   t h a n   t h e   p r e c e e d i n g  

z o n e ,   w i l l   p r o v i d e   a d v a n t a g e s ,   s u c h   as  a  d e c r e a s e   i n  
h y d r o g e n   p r e h e a t   and   a  d e c r e a s e   in  o v e r a l l   c a t a l y s t  
r e q u i r e m e n t .   F u r t h e r m o r e ,   t h e   u se   of  m o r e   t h a n   o n e  
h y d r o c o n v e r s i o n   z o n e s ,   as  w e l l   as  t he   i n t r o d u c t i o n   o f  
f r e s h   f e e d   i n t o   more   t h a n   one   h y d r o c o n v e r s i o n   z o n e s  
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c o n t r i b u t e s   to   t h e   c o n t r o l   of  t he   e x o t h e r m i c   r e a c t i o n  
t a k i n g   p l a c e   in  s a i d   z o n e s .  

SUMMARY  OF  THE  INVENTION 

In  a c c o r d a n c e   w i t h   t h e   i n v e n t i o n ,   t h e r e   i s  
p r o v i d e d ,   in  a  s l u r r y   h y d r o c o n v e r s i o n   p r o c e s s  
c o m p r i s i n g   a t   l e a s t   two  z o n e s ,   a  p r o c e s s   w h i c h  
c o m p r i s e s   t h e   s t e p s   o f :   (a)  a d d i n g   a  c a t a l y s t   o r  
c a t a l y s t   p r e c u r s o r   to  a  c h a r g e s t o c k   c o m p r i s i n g   a  f i r s t  
p o r t i o n   of  a  f r e s h   h e a v y   h y d r o c a r b o n a c e o u s   o i l   c h a r g e -  
s t o c k   to  f o r m   a  m i x t u r e ;   (b)  r e a c t i n g   t h e   r e s u l t i n g  
m i x t u r e   w i t h   a  h y d r o g e n - c o n t a i n i n g   g a s   in  a  f i r s t  
h y d r o c o n v e r s i o n   z o n e   a t   f i r s t   h y d r o c o n v e r s i o n  
c o n d i t i o n s   to  p r o d u c e   a  f i r s t   h y d r o c o n v e r t e d   o i l ;   ( c )  
i n t r o d u c i n g   a t   l e a s t   a  p o r t i o n   of  t h e   e f f l u e n t   of  s a i d  
f i r s t   h y d r o c o n v e r s i o n   z o n e ,   i n c l u d i n g   a t   l e a s t   a  
p o r t i o n   of  s a i d   f i r s t   h y d r o c o n v e r t e d   '  oi  1  ,  i n t o   a  
s e c o n d   h y d r o c o n v e r s i o n   zone  a t   s e c o n d   h y d r o c o n v e r s i o n  
c o n d i t i o n s   s u c h   t h a t   t h e   t e m p e r a t u r e   of  s a i d   s e c o n d  
z o n e   is   a t   l e a s t   10°F   h i g h e r   t h a n   s a i d   f i r s t   z o n e ,   t o  
r e a c t   w i t h   a  h y d r o g e n - c o n t a i n i n g   gas   and   p r o d u c e   a 
s e c o n d   h y d r o c o n v e r t e d   o i l ,   t h e   i m p r o v e m e n t   w h i c h  
c o m p r i s e s :   i n t r o d u c i n g   a  s e c o n d   p o r t i o n   of  s a i d   f r e s h  
h e a v y   h y d r o c a r b o n a c e o u s   o i l   to  s a i d   s e c o n d   h y d r o -  
c o n v e r s i o n   z o n e .  

BRIEF  DESCRIPTION  OF  THE  DRAWING 

The  f i g u r e   is  a  s c h e m a t i c   f l o w   p l a n   of  o n e  
e m b o d i m e n t   of  t he   i n v e n t i o n .  
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DESCRIPTION  OF  THE  PREFERRED  EMBODIMENT 

R e f e r r i n g   to   t h e   f i g u r e ,   a  h e a v y  

h y d r o c a r b o n a c e o u s   o i l   f e e d   c a r r i e d   in   l i n e   10  i n  

a d m i x t u r e   w i t h   t h e   c a t a l y s t   or   c a t a l y s t   p r e c u r s o r  
i n t r o d u c e d   i n t o   t h e   o i l   by  l i n e   12  i s   p a s s e d   i n t o  

h y d r o c o n v e r s i o n   z o n e   1  w h i c h   is   t h e   f i r s t   of  a  s e r i e s  
of  r e l a t e d   h y d r o c o n v e r s i o n   z o n e s .  

The  Heavy  H y d r o c a r b o n   O i l   F e e d  

S u i t a b l e   h y d r o c a r b o n a c e o u s   o i l   f e e d s   i n c l u d e  

h e a v y   m i n e r a l   o i l s ,   w h o l e   or   t o p p e d   c r u d e   o i l s ,  

i n c l u d i n g   h e a v y   c r u d e   o i l s ;   a s p h a l t e n e s ;   h y d r o c a r b o n -  

a c e o u s   o i l   b o i l i n g   a b o v e   6 5 0 ° F   ( 3 4 3 . 3 3 ° C ) ;   p e t r o l e u m  

a t m o s p h e r i c   r e s i d u u m   ( b o i l i n g   a b o v e   6 5 0 ° F ) ;   p e t r o l e u m  

v a c u u m   r e s i d u a   b o i l i n g   a b o v e   1 0 5 0 ° F   ( 5 6 5 . 5 6 ° C ) ;   t a r s ;  

b i t u m e n ;   t a r   s a n d   o i l s ;   s h a l e   o i l s ;   l i q u i d   p r o d u c t s  
d e r i v e d   f r o m   c o a l   l i q u e f a c t i o n   p r o c e s s e s ,   i n c l u d i n g  
c o a l   l i q u e f a c t i o n   b o t t o m s ,   and  m i x t u r e s   t h e r e o f .   T h e  

p r o c e s s   is  p a r t i c u l a r l y   s u i t a b l e   to  c o n v e r t   h e a v y   c r u d e  
o i l s   and   r e s i d u a l   o i l s   c o n t a i n i n g   m a t e r i a l s   b o i l i n g  
a b o v e   1 0 5 0 ° F   and  wh ich   g e n e r a l l y   c o n t a i n   a  h i g h   c o n t e n t  

of   m e t a l l i c   c o n t a m i n a n t s   ( n i c k e l ,   i r o n ,   v a n a d i u m )  

u s u a l l y   p r e s e n t   in  t h e   f o r m   of   o r g a n o m e t a l l i c   c o n -  
t a m i n a n t s ,   a  h i g h   c o n t e n t   of  s u l f u r   c o m p o u n d s ,  

n i t r o g e n o u s   c o m p o u n d s   and   a  h i g h   C o n r a d s o n   c a r b o n  

r e s i d u e .   The  m e t a l l i c   c o n t e n t   of   s u c h   o i l s   may  r a n g e  

up  to   2 0 0 0   wppm  or  more   and   t h e   s u l f u r   c o n t e n t   m a y  
r a n g e   up  to  8  wt .   %  or  m o r e .   P r e f e r a b l y ,   t h e   f e e d   i s  

a  h e a v y   h y d r o c a r b o n   o i l   c o m p r i s i n g   m a t e r i a l s   b o i l i n g  
a b o v e   1 0 5 0 ° F ,   more  p r e f e r a b l y   h a v i n g   a t   l e a s t   a b o u t   10 

w t .   %  m a t e r i a l s   b o i l i n g   a b o v e   1 0 5 0 ° F .   To  any  of  t h e s e  

f e e d s   may  be  a d d e d   c o a l   . 
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A l l   b o i l i n g   p o i n t s   r e f e r r e d   to   h e r e i n   a r e  

e q u i v a l e n t   a t m o s p h e r i c   p r e s s u r e   b o i l i n g   p o i n t s   u n l e s s  

o t h e r w i s e   s p e c i f i e d .   W h e n e v e r   r e f e r e n c e   is  made  h e r e i n  

to  f r e s h   f e e d ,   i t   is  i n t e n d e d   t h a t   i t   is  n o t   a  r e c y c l e  

s t r e a m ;   h o w e v e r ,   t h e   f r e s h   f e e d   may  be  a  c r a c k e d   o i l  

d e r i v e d   f rom  o t h e r   p r o c e s s e s .  

The  H y d r o c o n v e r s i o n   C a t a l y s t  

The  h y d r o c o n v e r s i o n   c a t a l y s t   i n t r o d u c e d   v i a  

l i n e   12  and  o p t i o n a l l y   v i a   l i n e   20  i n t o   t h e   o i l   f e e d  

to  f o r m   a  d i s p e r s i o n   of  t he   c a t a l y s t   in  t he   o i l   may  b e  

any  s u i t a b l e   h y d r o c o n v e r s i o n   c a t a l y s t   or  c a t a l y s t   p r e -  

c u r s o r   s u i t a b l e   f o r   u s e   in   s l u r r y   p r o c e s s e s   ( i . e . ,   a  

p r o c e s s   in  w h i c h   the   c a t a l y s t   is  a d m i x e d   w i t h   t he   o i l ) .  

The  c a t a l y s t   may  c o m p r i s e   a  G r o u p   VB,  G r o u p   VIB  o r  

G r o u p   V I I I   m e t a l ,   m e t a l   o x i d e   or  m e t a l   s u l f i d e   a n d  

m i x t u r e s   t h e r e o f   and  may  be  a  s u p p o r t e d   or  u n s u p p o r t e d  

c a t a l y s t .   I n s t e a d   of  i n t r o d u c i n g   a  p r e f o r m e d   c a t a l y s t  
v i a   l i n e   12,   a  c a t a l y s t   p r e c u r s o r   may  be  used   such   a s  

an  o i l   s o l u b l e   m e t a l   c o m p o u n d   or  a  t h e r m a l l y   d e c o m -  

p o s a b l e   m e t a l   compound  such   as  t he   c a t a l y s t   p r e c u r s o r s  
d e s c r i b e d   in  U .S .   P a t e n t   4 , 1 3 4 , 8 2 5 ,   t h e   t e a c h i n g s   o f  

w h i c h   a r e   h e r e b y   i n c o r p o r a t e d   by  r e f e r e n c e .   C a t a l y s t s  

c o m p r i s i n g   c o b a l t ,   m o l y b d e n u m ,   n i c k e l ,   t u n g s t e n ,   i r o n  

and   m i x t u r e s   t h e r e o f   on  an  a l u m i n a - c o n t a i n i n g   s u p p o r t  

or  on  s o l i d   c a r b o n a c e o u s   s u p p o r t s ,   s u c h   as  c o a l   o r  

c o k e ,   a r e   a l s o   s u i t a b l e .  

A  h y d r o g e n - c o n t a i n i n g   gas   is  i n t r o d u c e d   i n t o  

h y d r o c o n v e r s i o n   z o n e   1  by  l i n e   14.   T h e  

h y d r o g e n - c o n t a i n i n g   gas  may  be  p u r e   h y d r o g e n ,   bu t   w i l l  

g e n e r a l l y   be  an  i m p u r e   h y d r o g e n   s t r e a m   s u c h   as  a  

h y d r o g e n - c o n t a i n i n g   gas   d e r i v e d   f rom  a  p r o c e s s ,   e . g . ,  

r e f o r m e r   o f f g a s .   A l t h o u g h   t h e   f i g u r e   s h o w s   t h e  

h y d r o g e n   b e i n g   i n t r o d u c e d   d i r e c t l y   i n t o   t h e   h y d r o -  
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c o n v e r s i o n   z o n e ,   i t   i s   to   be  u n d e r s t o o d   t h a t   t h e  
h y d r o g e n - c o n t a i n i n g   gas  of  l i n e   14  c o u l d   be  i n t r o d u c e d  
i n t o   o i l   f e e d   l i n e   10  and   p a s s e d   i n t o   t h e   h y d r o -  
c o n v e r s i o n   z o n e   in  a d m i x t u r e   w i t h   t h e   o i l .   m  
h y d r o c o n v e r s i o n   z o n e   1,  t h e   o i l .   f e e d   i s   s u b j e c t e d   t o  
h y d r o c o n v e r s i o n   c o n d i t i o n s   to   c o n v e r t   a t   l e a s t   a  
p o r t i o n   o f   t h e   o i l   to   l o w e r   b o i l i n g   h y d r o c a r b o n  
p r o d u c t s .  

S l u r r y   H y d r o c o n   v e r s i o n   C o n d i t i o n s  

S u i t a b l e   o p e r a t i n g   c o n d i t i o n s   f o r   a l l   t h e  
s l u r r y   h y d r o c o n v e r s i o n   z o n e s   of   t h e   p r o c e s s   a r e  
s u m m a r i z e d   in  T a b l e   I .  
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The  h y d r o c o n v e r s i o n   zone  e f f l u e n t   c o m p r i s i n g  
a  n o r m a l l y   g a s e o u s   p h a s e ,   a  n o r m a l l y   l i q u i d   p h a s e   a n d  
c a t a l y s t   p a r t i c l e s   is   r e m o v e d   f rom  h y d r o c o n v e r s i o n   z o n e  
1  by  l i n e   16.  I f   d e s i r e d ,   a t   l e a s t   a  p o r t i o n   of  t h e  
g a s e o u s   p h a s e   may  be  r e m o v e d   f r o m   t h e   e f f l u e n t .   T h e  
e f f l u e n t   of  h y d r o c o n v e r s i o n   zone   1  c o m p r i s i n g   t h e   n o r -  
m a l l y   l i q u i d   p h a s e   is  p a s s e d   i n t o   h y d r o c o n v e r s i o n   z o n e  
2  w h i c h   is  t h e   s e c o n d   h y d r o c o n v e r s i o n   z o n e   i n t o   w h i c h  
an  a d d i t i o n a l   p o r t i o n   of   f r e s h   o i l   c h a r g e s t o c k   i s  
i n t r o d u c e d   by  l i n e   18 .   T h i s   s e c o n d   h y d r o c o n v e r s i o n  
z o n e   i s   m a i n t a i n e d   a t   a  t e m p e r a t u r e   of  a t   l e a s t   1 0 ° F  
p r e f e r a b l y ,   a t   l e a s t   2 0 ° F ,   h i g h e r   t h a n   t h a t   of   t h e  
f i r s t   h y d r o c o n v e r s i o n   zone   1.  The  f r e s h   o i l   is   a  p o r -  
t i o n   of   t h e   s a m e   o i l   t h a t   was  i n t r o d u c e d   by  l i n e   10  
i n t o   h y d r o c o n v e r s i o n   zone   1.  An  a d d i t i o n a l   p o r t i o n   o f  
c a t a l y s t   or   c a t a l y s t   p r e c u r s o r   may  be  i n t r o d u c e d   i n t o  
f r e s h   f e e d   l i n e   18  v i a   l i n e   20 .   An  a d d i t i o n a l  
h y d r o g e n - c o n t a i n i n g   g a s   may  be  i n t r o d u c e d   i n t o   h y d r o -  
c o n v e r s i o n   zone   2.  I f   t he   gas   p h a s e   h a d   b e e n   r e m o v e d  
f r o m   t h e   e f f l u e n t   of   t h e   f i r s t   h y d r o c o n v e r s i o n   z o n e ,  
t h e n   i n t r o d u c t i o n   of   t h e   r e q u i r e d   h y d r o g e n   w o u l d   b e  
m a d e   v i a   l i n e   22.   As  p r e v i o u s l y   d e s c r i b e d ,   t he   h y d r o -  
gen  of  l i n e   22  may  be  i n t r o d u c e d   i n t o   f r e s h   f e e d   l i n e  
18  or  i t   may  be  i n t r o d u c e d   d i r e c t l y   i n t o   h y d r o c o n -  
v e r s i o n   zone   2.  The  e f f l u e n t   of  h y d r o c o n v e r s i o n   zone   2 
i s   r e m o v e d   by  l i n e   24  a n d ,   i f   d e s i r e d ,   may  be  p a s s e d  
w i t h   or  w i t h o u t   s e p a r a t i o n   of  gas  p h a s e   f rom  the   l i q u i d  
i n t o   a d d i t i o n a l   h y d r o c o n v e r s i o n   z o n e s   ( no t   shown)  i n t o  
w h i c h   a d d i t i o n a l   p o r t i o n s   of  f r e s h   f e e d   may  be  i n t r o -  
d u c e d .   I t   s h o u l d   be  n o t e d   t h a t   i t   is  n o t   r e q u i r e d   t h a t  
t h e   a d d i t i o n a l   p o r t i o n   of  f r e s h   f e e d   be  i n t r o d u c e d   i n t o  
a  s p e c i f i c   s e c o n d   h y d r o c o n v e r s i o n   z o n e .   The  a d d i t i o n a l  
p o r t i o n   of  f r e s h   f e e d   may  be  i n t r o d u c e d   i n t o   any  one  o f  
a  s e r i e s   of  h y d r o c o n v e r s i o n   z o n e s   or  i n t o   each  of  t h e  
h y d r o c o n v e r s i o n   z o n e s   of  a  p l u r a l i t y   of   h y d r o c o n v e r -  
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s i o n   z o n e s   in  s e r i e s .   The  p e r c e n t a g e s   of  f r e s h   f e e d  
i n t r o d u c e d   i n t o   t he   f i r s t   h y d r o c o n v e r s i o n   z o n e ,   and  t o  
t he   s u b s e q u e n t   h y d r o c o n v e r s i o n   z o n e s   a r e   as  f o l l o w s :  

%  F r e s h   Feed   t o  

F i r s t  
H y d r o c o n v e r s i o n   Z o n e  

%  F r e s h   Feed   t o  

S u b s e q u e n t  
H y d r o c o n v e r s i o n   Z o n e s  

B r o a d  P r e f e r r e d  B r o a d  P r e f e r r e d  

2 5 - 9 5   wt.%  50 -90   wt  .  % 5-75  w t . %  10-50   w t . %  

The  a c t u a l   c o n d i t i o n s   may  be  t he   same  in  t h e  
f i r s t ,   s e c o n d   or  any  s u b s e q u e n t   h y d r o c o n v e r s i o n   z o n e ,  
or  may  be  d i f f e r e n t   w i t h i n   the   g i v e n   r a n g e s .  

The  e f f l u e n t   of  h y d r o c o n v e r s i o n   z o n e   2 ,  
w h i c h   c o m p r i s e s   a  n o r m a l l y   g a s e o u s   p h a s e ,   a  n o r m a l l y  
l i q u i d   p h a s e   ( e . g . ,   h y d r o c o n v e r t e d   o i l )   and  c a t a l y s t  
p a r t i c l e s ,   i s   p a s s e d   by  l i n e   24  i n t o   a  g a s - l i q u i d  
s e p a r a t i o n   z o n e   3.  The  g a s e o u s   p h a s e   c o m p r i s i n g  
h y d r o g e n   i s   r e m o v e d   by  l i n e   26.   I f   d e s i r e d ,   the   g a s  
may  be  r e c y c l e d   to  any  of  t h e   h y d r o c o n v e r s i o n   z o n e s  
w i t h   or  w i t h o u t   a d d i t i o n a l   c l e a n u p .  

The  n o r m a l l y   l i q u i d   p h a s e ,   w h i c h   c o m p r i s e s  
h y d r o c o n v e r t e d   h y d r o c a r b o n a c e o u s   o i l   and  c a t a l y t i c  
s o l i d s   is  p a s s e d   to  s e p a r a t i o n   zone  4  f o r   f  r a c t i o n a t i o n  
by  c o n v e n t i o n a l   m e a n s   s u c h   as  d i s t i l l a t i o n ,   i n t o  
v a r i o u s   f r a c t i o n s ,   s u c h   as  l i g h t   b o i l i n g ,   m e d i u m  
b o i l i n g   and   h e a v y   b o t t o m s   f r a c t i o n s   c o n t a i n i n g   t h e  
c a t a l y t i c   s o l i d s .   The  l i g h t   f r a c t i o n   is   r e m o v e d   b y  
l i n e   30 .   The  m e d i u m   b o i l i n g   f r a c t i o n   i s   r e m o v e d   b y  
l i n e   32.  The  h e a v y   b o t t o m s   f r a c t i o n   is  r e m o v e d   by  l i n e  
34 .   I f   d e s i r e d ,   a t   l e a s t   a  p o r t i o n   of   t h e   b o t t o m s  
f r a c t i o n   may  be  r e c y c l e d   to  h y d r o c o n v e r s i o n   z o n e   1  b y  
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l i n e   3 6 .   A l t e r n a t i v e l y ,   i f   d e s i r e d ,   t h e   b o t t o m s   f r a c -  

t i o n   may  be  r e c y c l e d   to   h y d r o c o n v e r s i o n   z o n e s   1  or  2 .  

When  t h e   p r o c e s s   c o m p r i s e s   more  t h a n   2  h y d r o c o n v e r s i o n  

z o n e s ,   t h e   h e a v y   b o t t o m s   p o r t i o n   s e p a r a t e d   f r o m   t h e  

e f f l u e n t   of  t h e   l a s t   of  t h e s e   h y d r o c o n v e r s i o n   zones   m a y  
be  r e c y c l e d   to   a t   l e a s t   one   of  t h e   h y d r o c o n v e r s i o n  

z o n e s   . 

The   f o l l o w i n g   e x a m p l e s   a r e   p r e s e n t e d   t o  

i l l u s t r a t e   t h e   i n v e n t i o n .  

EXAMPLE  1 

S e v e n t y   p e r c e n t   of   a  t o p p e d   C o l d   Lake  f e e d  

( 7 8 0 ° F + ,   c o n t a i n i n g   7 4 . 0 8   wt.%  of  9 7 5 ° F +   m a t e r i a l )   w a s  

h y d r o c o n v e r t e d   in   a  f i r s t   s t a g e   a t   8 4 6 ° F   and  1923  p s i  

H2  p r e s s u r e   a t   a  f e e d   r a t e   of   0 . 5 9   V / V / H r .   ( n o m i n a l  

h o l d i n g   t i m e   of  1 . 7   h r .   e x c l u d i n g   v a p o r i z a t i o n  

e f f e c t s ) .   M o l y b d e n u m   c a t a l y s t   was  p r o v i d e d   in  t h e  

a m o u n t   of  225  wppm  on  f e e d   by  a d d i n g   a  c o n c e n t r a t e   o f  

p h o s p h o m o l y b d i c   a c i d   in  C o l d   L a k e   c r u d e .   A f t e r   t h i s  

f i r s t   s t a g e ,   g a s e o u s   m a t e r i a l s   and  v o l a t i l e   h y d r o -  

c a r b o n s   w e r e   r e m o v e d   to  y i e l d   9 . 7 6   w t .%  of  r e s i d u a l  

m a t e r i a l   c o n t a i n i n g   t h e   c a t a l y s t .  

The  r e m a i n i n g   30%  of  t h e   f r e s h   f e e d   was  t h e n  

b l e n d e d   w i t h   t h e   e f f l u e n t   f rom  t he   f i r s t   s t a g e   and  t h e  

m i x t u r e   p a s s e d   to  a  s e c o n d   h y d r o c o n v e r s i o n   s t a g e   m a i n -  

t a i n e d   a t   8 4 0 ° F   and   2000  p s i g   w i t h   h y d r o g e n   fo r   t h r e e  

h o u r s   ( 0 . 3 3   V / V / H r . ) .   A f t e r   t h e   t w o - s t a g e   t r e a t m e n t  

t h e   c o n v e r s i o n   of   m a t e r i a l   b o i l i n g   a b o v e   975°F  in  t h e  

t o t a l   f r e s h   f e e d   to   o i l   b o i l i n g   b e l o w   975°F   p l u s   g a s  

was.  9 0 . 3   w t . % ,   and  t o l u e n e   i n s o l u b l e s   p r o d u c e d   a m o u n t e d  

to  2 .1   wt .%  on  t o t a l   f r e s h   f e e d .  
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EXAMPLE  2 

Cold  Lake  vacuum  r e s i d u u m   was  h y d r o c o n v e r t e d  
in  a  c o n t i n u o u s   p i l o t   p l a n t   c o n t a i n i n g   two  t u b u l a r  
r e a c t o r s   of  e q u a l   s i z e   a t   a  t o t a l   p r e s s u r e   of  2090  p s i g  and  a t   a  s p a c e   v e l o c i t y   a d j u s t e d   to  g i v e   94 .0%  c o n v e r -  s i o n   of   t h e   i 0 5 0 + o P   m a t e r i a l   to  1 0 5 0 - ° F   p r o d u c t s .   T h e  
t e m p e r a t u r e   of  t h e   f i r s t   r e a c t o r   was  m a i n t a i n e d   a t  8 2 5 ° F   and  t h a t   of  t h e   s e c o n d   r e a c t o r   a t   8 3 5 ° F .   T o t a l  
h y d r o g e n   t r e a t   gas   a m o u n t e d   to   9100  S C F / b b l   of  f e e d  
t w o - t h i r d s   of  which   was  a d d e d   to  t he   f i r s t   r e a c t o r   a n d  
o n e - t h i r d   to  the   s e c o n d   r e a c t o r .  

P h o s p h o m o l y b d i c   a c i d   d i s p e r s e d   as  a  
c o n c e n t r a t e   in  Cold  Lake  c r u d e   (0 .5   wt.%  Mo)  was  a d d e d  
to  t h e   f e e d   in  an  a m o u n t   to   p r o v i d e   314  wppm  Mo  o *  
f e e d ,   wh ich   was  an  a m o u n t   j u s t   s u f f i c i e n t   to   p r o v i d e  
a d e q u a t e   h y d r o g e n a t i o n   c a t a l y s i s   and  to  s u b s t a n t i a l l y  
p r e v e n t   f o r m a t i o n   of  any  s i g n i f i c a n t   d e t e c t a b l e   a m o u n t  of  m e s o p h a s e   c a r b o n .   E l e v e n   w e i g h t   p e r c e n t   of  b o t t o m s  
( b a s e d   on  f r e s h   f e e d )   f rom  t h i s   c o n v e r s i o n   was  r e c y c l e d  w i t h   t h e   f e e d .   y i e l d s   of  p r o d u c t s   as  wt .%  on  f r e s h  

f e e d   a r e   as  f o l l o w s :   C l - C 4 ,   12 .2%,   N a p h t h a   ( C 5 - 3 5 0 ° F )  
1 8 . 0 % ;   D i s t i l l a t e   ( 3 5 0 - 6 5 0 ° F )   ,  3 5 . 7 % ;   Vacuum  Gas  O i l  
( 6 5 0 - 1 0 5 0 O F ) r   26 .1%.   The  h y d r o g e n   c o n s u m p t i o n   was  2 0 4 0  

S C F / b b l   of  f r e s h   f e e d .  

EXAMPLE  3 

An  e x p e r i m e n t   was  c a r r i e d   ou t   a c c o r d i n g   t o  
E x a m p l e   2  w i t h   c o n d i t i o n s   i d e n t i c a l   in  a l l   r e s p e c t s  
e x c e p t   t h a t   t h e   t e m p e r a t u r e   of  t h e   f i r s t   r e a c t o r   w a s  
m a i n t a i n e d   a t   817oF   and  t h a t   of  t he   s e c Q n d   ^ ^   ^  
8 3 8 O F .   C o n v e r s i o n   of  1 0 5 0 + o F   m a t e r i a l   to  1 0 5 0 - o F  
p r o d u c t s   was  93 .6%.   m  t h i s   e x p e r i m e n t   i t   was  p o s s i b l e  
to  l o w e r   t h e   m o l y b d e n u m   c a t a l y s t   c o n c e n t r a t i o n   to  2 5 0  
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wppm  on  f r e s h   f e e d   w h i l e   p r o v i d i n g   a d e g u a t e   h y d r o g e n a -  

t i o n   c a t a l y s i s   and  s u b s t a n t i a l l y   p r e v e n t i n g   f o r m a t i o n  

of   any   s i g n i f i c a n t   d e t e c t a b l e   a m o u n t   of   m e s o p h a s e  

c a r b o n .   Y i e l d s   of  p r o d u c t s   as  wt.%  on  f r e s h   f e e d   w e r e  

as  f o l l o w s :   C 3 . - C 4 ,   1 2 . 1 % ,   N a p h t h a   ( C s - 3 5 0 o F )   ,  1 8 . 0 % ;  

D i s t i l l a t e   ( 3 5 0 - 6 5 0 ° F )   ,  3 4 . 7 % ;   Vacuum  Gas  O i l   ( 6 5 0 -  

1 0 5 0 ° F )   ,  2 7 . 0 % .   The  h y d r o g e n   c o n s u m p t i o n   was  2 0 3 0  

S C F / b b l   of  f r e s h   f e e d .  

R e s u l t s   f r o m   E x a m p l e s   2  and  3  a r e   t a b u l a t e d  

f o r   c o m p a r i s o n :  

TABLE  I I  

E x a m p l e   2<a)  E x a m p l e   3  <b) 

1 0 5 0 + ° F   C o n v e r s i o n  9 4 . 0  9 3 . 6  

Y i e l d s ,   wt .%  on  F e e d  

C!-C4  1 2 . 2   1 2 . 1  

N a p h t h a   ( C 3 - 3 5 0 ° F )   18 .0   1 8 . 0  

D i s t i l l a t e   ( 3 5 0 - 6 5 0 ° F )   35 .7   3 4 . 7  

Vacuum  Gas  O i l   2 6 . 1   ~ 2 7 . 0  

( 6 5 0 - 1 0 5 0 ° F )  

H y d r o g e n   C o n s u m p t i o n ,   2040  2 0 3 0  

S C F / b b l  

Mo  C a t a l y s t   R e q u i r e m e n t ,  

wppm 

3 1 4  2 5 0  

<a)  A v e r a g e   of  t h r e e   a n a l y t i c a l   b a l a n c e   p e r i o d s  
'b)  A v e r a g e   of  s i x   a n a l y t i c a l   b a l a n c e   p e r i o d s .  
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E x p e r i m e n t s   a r e   r u n   a c c o r d i n g   t o   t h e  
p r o c e d u r e   o f   E x a m p l e   3  a b o v e   e x c e p t   t h a t   t h e  
c o n v e r s i o n   of   1 0 5 0 ° F +   m a t e r i a l   to   1 0 5 0 o F ~  
p r o d u c t s   i s   c o n t r o l l e d   in  a l l   c a s e s   t o   95%.   T h e  
a m o u n t   of   t e m p e r a t u r e   s t a g i n g   and  t h e   a m o u n t   of  f e e d  
g o i n g   to   t h e   s e c o n d   of  t h e   two  s t a g e s ,   w h i c h   v a r i e s  
as  s h o w n   in  T a b l e   I I I   b e l o w ,   w i l l   h a v e   a  s y n e g e t i c  
r e d u c t i o n   in   t h e   a m o u n t   of   c a t a l y s t   r e q u i r e d   t o  
p r e v e n t   f o r m a t i o n   of  any   d e t e c t a b l e   a m o u n t   o f  
m e s a p h a s e   c a r b o n .  

T a b l e   I I I  

mple   R e a c t o r   1  R e a c t o r   2 

%  F r e s h   %  F r e s h  

Feed   °F  Feed  ° F  

A  100  830  0  8 3 0  

B  100  820  0  8 4 0  

C  70  830  30  8 3 0  

D  70  820  30  8 4 0  

C a t a l y s t  

R e q u i r e m e n t ,   Mo 

on  F r e s h   F e e d  

a  

b  

c  

d  

w h e r e   a ,   b ,   c ,   and  d  a r e   n u m e r i c   v a l u e s   s u c h   t h a t  
a > b > c > d .  

U n i t s :  

In  t h i s   p a t e n t   s p e c i f i c a t i o n :  

•  T e m p e r a t u r e   d i f f e r e n c e   in  °F  a r e   c o n v e r t e d   t o  
e q u i v a l e n t   C  by  d i v i d i n g   by  1 . 8 .  

•  T e m p e r a t u r e s   in  °F  a r e   c o n v e r t e d   to  e q u i v a l e n t   °C 
by  f i r s t   s u b t r a c t i n g   32  and  t h e n   d i v i d i n g   by  1 . 8 .  

•  Gas  v o l u m e s   in  ScF  a r e   c o n v e r t e d   to  l i t e r s   b y  
m u l t i p l y i n g   by  2 8 . 3 2 .  

•  L i q u i d   v o l u m e s   in  bb l   a r e   c o n v e r t e d   to  l i t e r s   b y  
m u l t i p l y i n g   by  1 5 9 . 0 .  

•  P r e s s u r e s   in  p o u n d s   pe r   s q u a r e   i n c h   ( g a u g e ) ,   ( p s i g )  
a r e   c o n v e r t e d   to  e q u i v a l e n t   kPa  by  m u l t i p l y i n g   b y  6 . 8 9 5   . 
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CLAIMS: 

1  .  A  s l u r r y   h y d r o c o n v e r s i o n   p rocess   performed  in  at  l e a s t  

two  zones ,   which  compr ises   the  s t eps   o f :  

(a)  a d d i n g   a  c a t a l y s t   or  a  c a t a l y s t   p r e c u r s o r   to  a  

c h a r g e s t o c k   compr i s i ng   a  f i r s t   p o r t i o n   of  f resh   heavy  hyd roca rbonaceous   o i l  

to  form  a  m i x t u r e ;  

(b)  r e a c t i n g   the   r e s u l t i n g   mixture   with  a  h y d r o g e n -  

c o n t a i n i n g   gas  in  a  f i r s t   h y d r o c o n v e r s i o n   zone  at  f i r s t   h y d r o c o n v e r s i o n  

c o n d i t i o n s   to  produce  a  f i r s t   h y d r o c o n v e r t e d   o i l ;  

(c)  i n t r o d u c i n g   at  l e a s t   a  p o r t i o n   of  the  e f f l u e n t   o f  

sa id   f i r s t   h y d r o c o n v e r s i o n   zone,  i n c l u d i n g   at  l e a s t   a  p o r t i o n   of  said  f i r s t  

h y d r o c o n v e r t e d   o i l   i n t o   a  s e c o n d   h y d r o c o n v e r s i o n   zone  at  second  h y d r o -  

c o n v e r s i o n   c o n d i t i o n s   which  i n c l u d e   a  t e m p e r a t u r e   of  at  l e a s t   10°F  (5 .55CC) 

h i g h e r   than  sa id   f i r s t   h y d r o c o n v e r s i o n   zone ,   to  r e a c t   with  a  h y d r o g e n -  

c o n t a i n i n g   gas  and  produce  a  second  hyd roconve r t ed   o i l ;   and 

(d)  i n t r o d u c i n g   a  second  p o r t i o n   of  said  f r e s h   h e a v y  

h y d r o c a r b o n a c e o u s   oi l   to  sa id   second  h y d r o c o n v e r s i o n   z o n e .  

2.  The  p r o c e s s   of  c l a i m   1  w h e r e i n   s a i d   s l u r r y   h y d r o -  

c o n v e r s i o n   p r o c e s s   is  c o n d u c t e d   in  more  than  two  s l u r r y   h y d r o c o n v e r s i o n  

z o n e s   in  s e r i e s   and  w h e r e i n   at  l e a s t   a  p o r t i o n   of  s a i d   f r e s h   h y d r o -  

c a r b o n a c e o u s   o i l   is  i n t r o d u c e d   i n t o   s a i d   f i r s t   h y d r o c o n v e r s i o n   zone  and 

in to   at  l e a s t   one  a d d i t i o n a l   h y d r o c o n v e r s i o n   z o n e .  

3.  The  p r o c e s s   of  c l a i m   1  or  claim  2  wherein  said  s l u r r y  

h y d r o c o n v e r s i o n   p r o c e s s   is   c o n d u c t e d   in  more  than   two  s l u r r y   h y d r o -  

c o n v e r s i o n   zones   in  s e r i e s   and  wherein  the  t e m p e r a t u r e   of  each  s u c c e e d i n g  

h y d r o c o n v e r s i o n   zone  is  at  l e a s t   abou t   20°F  ( 1 1 . 1 ° C )   h i g h e r   than   t h e  

i m m e d i a t e l y   p r eced ing   z o n e .  
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4.  The  p r o c e s s   of  any  one  of  c l a i m s   1  to  3  wherein  s a i d  

s l u r r y   h y d r o c o n v e r s i o n   p r o c e s s   is  c o n d u c t e d   in  a  p l u r a l i t y   of  s l u r r y  
h y d r o c o n v e r s i o n   zones  and  wherein  a  heavy  bottoms  p o r t i o n   is  s e p a r a t e d   from 
the  e f f l u e n t   of  the  l a s t   of  said  h y d r o c o n v e r s i o n   zones  and,  t h e r e a f t e r ,  
at  l e a s t   some  of  the  s e p a r a t e d   bottoms  p o r t i o n   is  r e c y c l e d   to  at  l e a s t   one 
of  said  h y d r o c o n v e r s i o n   z o n e s .  

5.  The  p r o c e s s   of  any  one  of  c l a i m s   1  to  4  w h e r e i n   an  
a d d i t i o n a l   p o r t i o n   of  said  c a t a l y s t   or  c a t a l y s t   p r e c u r s o r   is  i n t r o d u c e d  
i n t o   at  l e a s t   one  of  s a i d   h y d r o c o n v e r s i o n   zones   o t h e r   t han   sa id   f i r s t  

h y d r o c o n v e r s i o n   z o n e .  

6.  The  p r o c e s s   of  any  one  of  c l a i m s   1  to  5  wherein  each  
said  f i r s t   and  said  second  h y d r o c o n v e r s i o n   c o n d i t i o n s   inc lude   a  t e m p e r a t u r e  
r a n g i n g   from  abou t   800  to  900°F  (426.7  to  482.  2°C)  and  a  hydrogen  p a r t i a l  

p r e s su re   ranging   from  about  50  to  5000  psig  (344.8  to  34,475  k P a ) .  

7.  The  p r o c e s s   of  any  one  of  c l a i m s   1  to  6  wherein  t h e  

t e m p e r a t u r e   of  said  second  h y d r o c o n v e r s i o n   zone  is  at  l e a s t   20°F  (11.1  °C) 

higher   than  said  f i r s t   h y d r o c o n v e r s i o n   z o n e s .  

8.  The  p rocess   of  any  one  of  c l a i m s   1  to  7  w h e r e i n   s a i d  

h y d r o c o n v e r s i o n   c a t a l y s t   p r e c u r s o r   is  an  oi l   so lub le   metal  compound  or  a 
t he rma l ly   decomposable  metal  compound. 

9.  The  p r o c e s s   of  any  one  of  c l a i m s   1  to  8  wherein  s a i d  

f i r s t   p o r t i o n   of  f resh   heavy  c h a r g e s t o c k   is  from  25  to  90  weight  pe rcen t   o f  

the  t o t a l   c h a r g e s t o c k   of  said  p r o c e s s .  

10.  The  p r o c e s s   of  any  one  of  c l a i m s   1  to  9  wherein  s a i d  

f i r s t   po r t i on   of  f resh   hyd roca rbonaceous   o i l   c o m p r i s e s   m a t e r i a l s   b o i l i n g  
above  1050°F  (565.  6 ° C ) .  

11.  The  p r o c e s s   of  any  one  of  claims  1  to  10  wherein  s a i d  

f i r s t   p o r t i o n   of  f resh   hydroca rbonaceous   o i l   c o m p r i s e s   at  l e a s t   abou t   10 

weight  pe rcen t   m a t e r i a l s   b o i l i n g   above  1050°F  (565.  6DC). 
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